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© Process and apparatus lor controlling alignment of a transmit laser beam of a coherent detection 
optical communications transmitter/receiver terminal. 



tive of the actual alignment of the transmit and 
receive beams (1a, 8), means (25) for comparing the 
actual alignment signals with desired alignment val- 
ues to generate difference signals and means for 
operating the point ahead mechanism (2) in depen- 
dence upon the generated difference signals variably 
to control the alignment of the transmit beam (1a) 
relative to the receive beam (8). 



® A process and apparatus are provided for con- 
trolling the alignment of a transmit laser beam (1a) of 
a first coherent detection optical communications 
transmitter/receiver terminal with a further coherent 
detection optical communications transmitter/receiver 
terminal relative to a receive laser beam (8). The first 
terminal incorporates a transmit laser beam gener- 
ator (1) operable to form and pass the transmit beam 
2? (1a) through a point ahead mechanism (2) to a 
^telescope assembly (6) operable to receive the re- 
Pscelve laser beam (8). The apparatus includes a 
© detector/receiver unit, means (3) for taking a compo- 
nent (1b) of the transmit laser beam (1a) from the 
IS transmit laser beam (1a) for receiving the receive 
S laser beam (8) from the telescope assembly (8) and 
for feeding the transmit laser beam (8) to the 
© detector/receiver unit (10), and means (16, 17, 18, 
Q.19, 20, 21, 22, 23. 24) for detecting, separating and 
HI processing the received transmit laser beam compo- 
nent (1b) and received receive beam (8) at the 
detector/receiver unit (10) to provide signals indica- 



Xerox Copy Centre 



1 



EP 0 367 407 A2 



2 



PROCESS AND APPARATUS FOR CONTROLLING THE ALIGNMENT OF A TRANSMIT LASER BEAM OF A 
COHERENT DETECTION OPTICAL COMMUNICATIONS TRANSMITTER/RECEIVER TERMINAL 



This invention relates to a process and appara- 
tus for ■controlling the alignment of a transmit laser 
beam of a coherent detection optical communica- 
tions transmitter/receiver terminal with a further co- 
herent detection optical communications 
transmitter/receiver terminal relative to a receive 
laser beam received from said further terminal, 
particularly, but not exclusively, suitable for com- 
munication between two spacecraft on which the 
two terminals may be carried. 

It has been proposed that two spacecraft might 
communicate one with another via laser beams. 
Each spacecraft would be provided with a 
transmitter/receiver terminal able to transmit a 
modulated laser beam to another spacecraft and to 
receive a modulated beam sent from that other 
spacecraft. 

The terminals must then be accurately tracked 
one onto another usirig movable mirror mecha- 
nisms and in addition the transmit laser beam must 
be aligned and pointed to a position where the 
other spacecraft will be when the beam reaches it 
as the two spacecraft, and hence terminals, may 
be moving relative to one another. Thus each ter- 
minal may comprise a single telescope assembly 
and common pointing mechanisms (movable error 
assemblies for example) for the transmitter and 
receiver parts of the terminal. By use of the point- 
ing mechanism(s), the transmit laser beam may be 
maintained pointing at the other spacecraft or, 
since the two will be moving relative to one an- 
other, at the position where the other spacecraft 
will be when the laser radiation arrives at the other 
spacecraft (using appropriate look-ahead mecha- 
nisms) while the receiver has to be kept tracked 
onto the receive beam in the face of disturbances 
such as background radiation, vibration of the 
spacecraft frame, and other transient features such 
as thermal expansion and contraction of the termi- 
nal due to heat radiation from the Sun. 

These disturbances are variable and this 
means that the pointing mechanism (point ahead 
mechanism) for the transmit beam in particular has 
to be controlled for alignment and /or calibration at 
least occasionally and' it is desirable that this 
should be done without interrupting communication, 
preferably automatically. The possibility of main- 
taining similar control of the receive beam pointing 
mechanism is also desirable. 

There is thus a need for a generally improved 
process and apparatus for controlling the alignment 
of a transmit laser beam of a coherent detection 
optical communications transmitter/receiver termi- 
nal with a further coherent detection optical com- 



munications transmitter/receiver terminal relative to 
a receive laser beam received from said further 
terminal. 

According to one aspect of the present in ven- 

s tion there is provided a process for controlling the 
alignment of a transmit laser beam of a coherent 
detection optical communications 

transmitter/receiver terminal with a further coherent 
detection ' optical communications 

io transmitter/receiver relative to a receive laser beam 
received from said further terminal, characterised 
by including the steps of taking a component of the 
transmit laser beam from the transmit laser beam, 
which transmit laser beam primary polarisation is 

J5 orthogonal to the polarisation of the receive laser 
beam, feeding the transmit laser beam component 
with the receive laser beam to a detector/receiver 
unit, detecting, separating and processing the re- 
ceived transmit laser beam component and re- 

20 ceived receive beam at said unit to provide signals 
indicative of the actual alignment of the transmit 
and receive beams, comparing the actual align- 
ment signals with desired alignment values to gen- 
erate difference signals and using the generated 

25 difference signals variably to control the alignment 
of the transmit beam relative to the receive beam. 

Advantageously the transmit laser beam com- 
ponent is cross-polarised, and the transmit laser 
beam component and the receive laser beam are " 

30 combined and mixed with a local oscillator laser 
beam prior to feeding to the detector/receiver unit. 

Conveniently the combined and mixed transmit 
laser beam component, receive laser beam and 
local oscillator beam are received on an at least 

35 four quadrant detector portion of the unit and the 
resulting quadrant output signals amplified, filtered, 
and processed to provide a summed communica- 
tions output signal, transmit beam alignment con- 
trol signals and receive beam tracking control slg- 

40 nals. 

Preferably the transmit beam alignment control 
signals provided are a sum, and azimuth and ele- 
vation difference signals, and in which the azimuth 
and elevation difference signals are frequency dis- 

45 criminated, with reference to the desired point 
ahead angle of the transmit beam relative to the 
receive beam, to provide absolute and relative val- 
ues for variably controlling the alignment of the 
transmit beam relative to the receive beam. 

so Advantageously thB transmit beam alignment 
control azimuth signal is the difference between the 
sum of the output signals from a first two adjacent 
quadrants of the detector portion and the sum of 
the output signals from the two other adjacent 
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quadrants of the detector portion, and in which the 
transmit beam alignment control elevation signal is 
the difference between the sum of the output sig- 
nals from one of said first two quadrants and one of 
said other two quadrants and the sum of the output 
signals from the other of said first two quadrants 
and the other of said other two quadrants, with the 
transmit beam alignment control azimuth and ele- 
vation signals being operable to indicate displace- 
ment of the receive beam from the detector portion 
centre. 

Conveniently the receive beam tracking control 
signals provided are a sum, and azimuth and ele- 
vation difference signals, which are operable to 
control beam pointing mechanisms for controlling 
tracking of the terminal to the receive beam from 
the further terminal. 

According to a further aspect of the present 
invention there is provided apparatus for controlling 
the alignment of a transmit laser beam of a first 
coherent detection optical communications 
transmitter/receiver terminal with a further coherent 
detection optical communications 

transmitter/receiver terminal relative to a receive 
laser beam when received from said further termi- 
nal, which first terminal incorporates a transmit 
laser beam generator operable to form and pass 
the transmit beam through a point ahead mecha- 
nism to a telescope assembly operable to receive 
transmit said laser beam, characterised in that said 
apparatus includes a detector/receiver unit, means 
for taking a component of the transmit laser beam 
from the transmit laser beam, which transmit laser 
beam primary polarisation is orthogonal to the 
polarisation of the receive laser beam, receiving the 
receive laser beam from the telescope assembly 
and feeding the transmit laser beam component 
and the receive laser beam to the detector/receiver 
unit, which taking, receiving and feeding means is 
locatable in the laser beam path between the point 
ahead mechanism and the telescope assembly, 
means for detecting, separating and processing the 
received transmit laser beam component and re- 
ceived receive beam at the detector/receiver unit to 
provide signals indicative of the actual alignment of 
the transmit and receive beams, means for com- 
paring the actual alignment signals with desired 
alignment values to generate difference signals and 
means for operating the point ahead mechanism in 
dependence upon the generated difference signals 
variably to control the alignment of the transmit 
beam relative to the receive beam. 

Preferably the taking, receiving and feeding 
means is a spectral isolator. 

Conveniently the spectral isolator includes a 
quarter wave plate, a polarisation sensitive beam 
splitter operable to receive the transmit laser beam 
from the point ahead mechanism, to reflect a major 



portion of the transmit beam to the telescope as- 
sembly and to transmit a component of the trans- 
mit beam to the quarter wave plate, a corner cube 
reflector operable to receive the transmit beam 

s component from the quarter wave plate and to 
return it therethrough to the beam splitter at which 
it is reflected as the transmit beam component to 
the detector/receiver unit together with the receive 
laser beam passed through the beam splitter from 

jo the telescope assembly. 

Advantageously the apparatus includes a com- 
bining dichroic mirror and a local oscillator laser 
beam generator locatable and operable so that the 
transmit beam component which is cross-polarised 

75 and receive beam are received from the spectral 
isolator beam splitter on the combining mirror, 
combined thereat with the local oscillator beam and 
passed therefrom to/ the detecting means of the 
detector/receiver unit. 

20 Preferably the detecting means of the 
detector/receiver unit includes an at least four 
quadrant detector portion operable to receive the 
combined and mixed transmit beam component, 
receive beam and local oscillator beam, and to 

2s provide at least four output signals. 

Conveniently the at least four quadrant detector 
portion includes a four quadrant PIN diode detector 
formed on a single semiconductor substrate. 

Advantageously the means for, processing the 

so transmit laser beam component and receive beam 
received at the detector Includes four low noise 
amplifiers operable to amplify respective ohes of 
the signals from the four quadrants of the detec- 
tors. 

35 Preferably the four amplifiers are formed on 
the same single semi conductor substrate as the 
four quadrants. 

Conveniently the processing and comparing 
means includes four frequency discriminating filters 

40 operable to process respective ones of the signals 
from the four quadrant amplifiers and a filtering, 
rectification and processing circuit operable to gen- 
erate a sum signal, an elevation difference signal 
and an azimuth signal for controlling the point 

45 ahead mechanism. 

Advantageously the detector/receiver unit in-, 
eludes four further frequency discriminating filters 
operable to process respective ones of the signals 
from the four quadrant amplifiers, a summing am- 

50 plifier for summing the signals received from said 
four further filters to provide an actual received 
receive beam output signal and a further filtering, 
rectification and processing circuit operable to re- 
ceive signals from the further four discriminating 

55 filters and generate therefrom a further sum signal, 
a further elevation difference signal and a further 
azimuth signal for use to control the main tracking 
of the receive laser beam. 
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Preferably the four PIN quadrants are formed 
around a central PIN diode site, with the central 
dbde site being operable to provide the received 
receive beam output signal and with the quadrants 
being operable to provide signals for controlling the 
point ahead mechanism. 

For a better understanding of the present in- 
vention and to show how the same may be carried 
into effect, reference will now be made, by way of 
example, to the accompanying drawings, in which: 

Figure 1 is a diagrammatic schematic view 
of a coherent detection optical communications 
transmitter/receiver terminal embodying apparatus 
according to the present invention for controlling 
the alignment of the transmit laser beam, 

Figure 2 is diagrammatic view, to a larger 
scale, of a detector/receiver unit forming part of the 
apparatus of the invention of Figure 1 , 

Figure 3 is a diagrammatic. view of a spectral 
isolator forming part of the apparatus of the inven- 
tion of Figures 2. and 

Figure 4 is a diagrammatic view similar to 
that of Figure 2 of an alternative form of 
detector/receiver unit for use in the apparatus of 
Figures 1 and 3 of the invention. 

Figure 1 of the accompanying drawings shows 
in very general form a coherent detection optical 
communications transmitter/receiver terminal em- 
bodying apparatus of the present invention for con- 
trolling the alignment of a transmit laser beam of 
the terminal with a further coherent detection op- 
tical communications transmitter/receiver terminal 
relative to a receive laser beam when received 
from the further terminal. The illustrated terminal 
includes a laser source 1, conveniently a laser 
diode transmitter package operable to generate a 
transmit laser beam 1a and pass it to a point ahead 
mechanism 2 from whence it passes via a device 
3, beam splitter mirror 4, fine pointing mechanism 
5, telescope assembly 6 and coarse pointing 
mechanism 7 to the other terminal. The illustrated 
terminal and the other terminal may be carried on 
separate spacecraft (not shown). Pointing mecha- 
nisms 5 and 7 incorporate servo-controlled mirror 
assemblies for tracking the other spacecraft carry- 
ing the other terminal. 

A receive laser beam 8 received from the other 
spacecraft terminal passes via the coarse pointing 
mechanisms 7, telescope assembly 6 and fine 
pointing mechanism 5 to mirror 4 from which part 
8a is directed to an acquisition sensor detector unit 
9. The function of the point ahead mechanism 2, 
another servo-controlled mirror assembly, is to 
maintain the transmit laser beam 1a aimed towards 
the expected position of the other terminal 
(satellite) at the time the beam reaches it, that is to 
send the transmit laser beam 1a at an angle to the 
receive laser beam 8. This point ahead mechanism 



2 has to be aligned and/or calibrated at least occa- 
sionally to maintain the alignment of the transmit 
beam 1a relative to receive beam 8, preferably 
without interrupting communication. 
5 To do this there is provided, according to the 
present invention, apparatus for controlling the 
alignment of the transmit laser beam 1a of the 
illustrated transmitter/receiver terminal with a fur- 
ther coherent optical communications 

70 transmitter/receiver terminal relative to the received 
beam 8 when received from the further terminal 
and a process for such control. The apparatus of 
the invention basically includes a detector/receiver 
unit 10 and means, such as the device 3, for taking 

is a, preferably cross -polarised, c om ponen tj b from 
the transmrTbeam 1a and feeding the component 
iB-WWrdetector/receiver unit 10. 

The process of the invention for controlling the 
alignment of the transmit beam la relative to the 

20 receive beam 8 includes taking the cross polarised 
component 1b of the transmit laser beam la at the 
device 3. which transmit beam 1a primary polarisa- 
tion is orthogonal to the polarisation of the receive 
beam 8 and feeding the .ccjnponentl b with the 

25 receive beam 8 passed through tho'dovico 3 to the 
detectoj^recelvjs^ the component lb 

and the received receive beam £f are detecterf; 
separated and processed to provide signals indica- 
tive of the actual alignment of the the transmit and 

30 receive beams l a and 8. By the term 'orthogonal' it 
is to be understood that at least 99.99% of the 
transmit beam 1a is orthogonal to the receive beam 
8, but the remainder of the transmit beam 1a may • 
not be. The actual alignment signals are then com- 

35 pared with desired alignment values to generate 
different signals and the generated different signals 
are used variably to control the alignment of the 
transmit beam la, via the point ahead mechanism 
2, relative to the receive beam 8. 

40 To this end the device 3 of the apparatus is a 
spectral isolator operable to carry out the taking, 
receiving and feeding steps of the process. The 
transmit and receive beams 1 and 1a and 8 are 
orthogonally polarised towards one another and 

45 spaced apart in frequency such that the intermedi- 
ate frequency signals, after the beams have been 
mixed with a local oscillator laser beam or signal 
11 generated by a laser beam generator 11 a, are 
within the band width of the detector/receiver unit 

so 10 which is the main tracking and communication 
receiver. 

As shown in Figure 3 the spectral isolator 3 
includes a quarter wave plate 12 and a polarisation 
sensitive beam splitter 13 operable to receive the 
55 transmit beam 1a from the point ahead mechanism 
2. and the reflected towards the fine pointing 
mechanism 5 and telescope assembly 6 of Figure 
1. The receive laser beam 8 is transmitted on by 
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the splitter 13 to the detector/receiver unit 10. A 
component lb of the transmit beam la is passed 
by the beam splitter 13 to the quarter wave plate 

12 and from thence to a corner cube reflector 14 
which reflects it back to the beam splitter 13 via 
the quarter wave plate 12. Having been subjected 
to two passes through the plate 12 the returned 
transmit beam cross polarised component 1b is 
reflected by the beam splitter 13 together with the 
receive beam 8 passed through the beam splitter 

13 from the telescope assembly 6 and fine pointing 
mechanism 5. to the detector/receiver unit 10. 

Thus the isolator 3 receives on one polarisation 
and transmits from the beam splitter 13 on the 
other polarisation. Any residual cross polarised 
| component lb which passes directly through the 
splitter 13 is rotated through 45* by the plate 12, 
I reflected off the reflector 14 back to the plate 12 
\ where it is again rotated through 45* such that its 
j polarisation is in the reflecting plane so that it can 
/ be reflected by the splitter 13 to the unit 10. 

As can be seen from Figure 2 the received 
receive beam 8 and component 1b of the transmit 
beam 1a are fed" to a combining dichroic mirror 15 
where they are mixed with the local oscillator laser 
signal beam 11 which is circularly polarized. The 
mixed beams 11, 8 and component 1b are passed 
by the combining mirror 15 to the detector/receiver 
unit 10 as shown in more detail in Figure 2. 

More specifically the beams 8, 1 1 and compo- 
nent 1b are passed to detecting means of the unit 
10 which detecting means basically includes an at 
least four quadrant detector portion having quad- 
rants 16a, 16b, 16c and 16d. In the embodiment 
illustrated in Figure 2 the four quadrants 16a, 16b, 
16c and 16d form a four quadrant PIN diode detec- 
tor formed on a single semi conductor substrate 
(not shown) together with four low noise amplifiers 
17, 18, 19 and 20 operable to amplify respective 
signals from the four quadrants 16a, 16b, 16c and 
16d. 

The unit 10 also includes processing and com- 
paring means for taking the signals received from 
the amplifiers 17, 18, 19 and 20 which output 
signals are indicative of the actual alignment of the 
transmit and receive beams, and comparing the 
actual alignment signals with desired alignment val- 
ues to generate different signals. As shown in Fig- 
ure 2 the processing and comparing means in- 
cludes four frequency discriminating filters 21, 22, 
23 and 24 operable to process respective signals 
from the amplifiers 17. 18, 19 and 20 and a filtering 
rectification and processing circuit 25 for receiving 
the signals from the filters 21, 22, 23, and 24 and 
operable to generate a sum signal E an elevation 
signal AY and and azimuth signal AX. The 
detector/receiver unit 10 also includes means for 
providing an actual received receive beam output 



signal 26. In the embodiment illustrated in Figure 2 
the latter means includes four further frequency 
discriminating filters 27, 28, 29 and 30 which may 
be dispensed with if necessary. The four further 

5 filters 27, 28, 29 and 30 receive the respective 
output signals from the respective amplifiers 17, 
18, 19 and 20, select the signals indicative of the 
received receive beam 8 and pass it to a summing 
amplifier 31 from which the actual received output 

w signal 26 is derived. 

The signal AY Issuing from the circuit 25 repre- 
sents the difference between the sum of the sig- 
nals from the upper two detector quadrants 16b 
and 16a in Figure 2 and the sum of the signals 

is from the two lower quadrants 16c and I6d. The 
signal AX issuing from circuit 25 represents the 
difference between the sum of the signals from ; 
quadrants 16b and t,6c and the sum of the signals 
quadrants 16a and f6d. The sum signal E can be 

20 used for gain control in tracking electronics (not 
shown) while AX and AY indicate the tracking 
errors, that is any off centring of the received 
receive beam 8 from the centre of the detector 
represented by the four quadrants 16a, 16b, 16c 

as and 16d, and are used to control the point ahead 
mechanism 2. This is done by knowing the desired 
point ahead angle of the transmit beam 1a relative 
to the receive beam 8, the azimuth difference sig- 
nal AY and the elevation difference signal AX from 

30 circuit 25 can be discriminated for 'appropriate ab- 
solute and relative values and used continuously to 
maintain the alignment and calibration of the point 
ahead mechanism 2. 

Additionally, as shown in the Figure 2 embodi- 

35 ment a further filtering rectification and processing 
circuit 32 may be provided which is operable to 
receive signals from the filters 27, 28, 29 and 30 to 
generate a further sum signal Ei , elevation dif- 
ference signal AYi and azimuth difference AXi 

40 which are used for controlling the pointing mecha- 
nisms 5 and 7 to maintain the terminal, and specifi- 
cally the detector/receiver unit 10, accurately 
tracked to the received receive beam 8. 

Because the same detector quadrants 16a, 

46 16b, 16c and 16d are used for tracking and receiv- 
ing the received beam 8 and transmit beam com- 
ponent 1b there is no problem of misalignment 
which could occur if four separate orthogonally 
arranged PIN diode detectors were used. Addition- 

50 ally because the quadrants and the amplifiers 17, 
18, 19 and 20 are together on the same substrate 
they tend to maintain proper alignment and bal- 
ance. The detector formed by the quadrant 16a, 
16b, 16c and 16d may be made by first forming a 

55 PIN detector site on a substrate and then etching it 
using a suitably shaped mask to divide the site into 
the required four quadrants. If desired there can be 
more than four quadrants, that is the detector could 
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be made up of six or more PIN diodes adjacent 
one another and forming "quadrants". 

Figure 4 shows an alternative form of 
detector/receiver unit 10a in which the detector 
portion comprises four PIN diode quadrants 33a, 
33b, 33c and 33d formed around a central PIN 
diode site 34. In this embodiment the central site 
34 can be used as the detector for the received 
receive beam signal 8 which is passed to the 
summing amplifier 31 directly bypassing the am- 
plifier 17, 18, 19 and 20 and any filters, 27, 28, 29 
and 30 if utilised. Thus in the Figure 4 example the 
four quadrants 33a, 33b, 33c and 33d provide, via 
the circuit 25 the signals E, AX and AY for control- 
ling the alignment of the transmit beam 1a relative 
to the receive beam 8 via the point ahead mecha- 
nism 2. 



Claims 

1. A process for controlling the alignment of a 
transmit laser beam (1a) of a coherent detection 
optical communications transmitter/receiver termi- 
nal with a further coherent detection optical com- 
munications transmitter/receiver terminal relative to 
a receive laser beam (8) received from said further 
terminal, characterised by including the steps of 
taking a component (1b) of the transmit laser beam 
from the transmit laser beam (1a}, which transmit 
laser beam primary polarisation is orthogonal to the 
polarisation of the receive laser beam (8). feeding 
the transmit laser beam component (1b) with the 
receive laser beam (8) to a detector/receiver unit 
(10), detecting, separating and processing the re- 
ceived transmit laser beam component (1b) and 
received receive beam (8) at said unit (10) to 
provide signals indicative of the actual alignment of 
the transmit and receive beams (1b, 8), comparing 
the actual alignment signals with desired alignment 
values to generate difference signals and using the 
generated difference signals variably to control the 
alignment of the transmit beam (1a) relative to the 
receive beam (8). 

2. A process according to claim 1 , in which the 
transmit laser beam component (1b) is cross- 
polarised, and in which the transmit laser beam 
component (1b) and the receive laser beam (8) are 
combined and mixed with a local oscillator laser 
beam (11) prior to feeding to the detector/receiver 
unit (10). 

3. A process according to claim 2, in which the 
combined and mixed transmit laser beam compo- 
nent (1b), receive laser beam (8) and local oscilla- 
tor beam (11) are received on an at least four 
quadrant detector portion of the unit (10) and the 
resulting quadrant output signals amplified, filtered, 
and processed to provide a summed communica- 



tions output signal (26), transmit beam alignment 
control signals and receive beam tracking control 
signals. 

4. A process according to claim 3, in which the 
s transmit beam alignment control signals provided 

are a sum, and azimuth and elevation difference 
signals, and in which the azimuth and elevation 
difference signals are frequency discriminated, with 
reference to the desired point ahead angle of the 
io transmit beam (1 a) relative to the receive beam (8), 
to provide absolute relative values for variably con- 
trolling the alignment of the transmit beam (1a) 
relative to the receive beam (8). 

5. A process according to claim 4, in which the 
is transmit beam alignment control azimuth signal is 

the difference between the sum of the output sig- 
nals from a first two adjacent quadrants (16a, 16b) 
of the detector portion and the sum of the output 
signals from the two other adjacent quadrants (16c, 

so 16d) of the detector portion, and in which the 
transmit beam alignment control elevation signal is 
the difference between the sum of the output sig- 
nals from one of said first two quadrants (16a. 16b) 
and one of said other two quadrants (16c. 16d) and 

26 the sum of the output signals from the other of said 
first two quadrants (16a, I6b) and the other of said 
other two quadrants (16c. 16d), with the transmit 
beam alignment control azimuth and elevation sig- 
nals being operable to indicated displacement of 

30 the receive beam (8) from the detector portion 
centre. 

6. A process according to claim 4 or claim 5, in 
which the receive beam tracking control signals 
provided are a sum, and azimulti and elevation 

35 difference signals, which are operable to control 
beam pointing mechanisms (5, 7) for controlling 
tracking of the terminal to the receive beam (8) 
from the further terminal. 

7. Apparatus for controlling the alignment of a 
40 transmit laser beam (1a) of a first coherent detec- 
tion optical communications transmitter/receiver 
terminal with a further coherent detection optical 
communications transmitter/receiver terminal rela- 
tive to a receive laser beam (8) when received from 

45 said further terminal, which first terminal incorpo- 
rates a transmit laser beam generator (1) operable 
to form and pass the transmit beam (1a) through a 
point ahead mechanism (2) to a telescope assem- 
bly (6) operable to receive said transmit laser beam 

so (1a), characterised in that said apparatus includes a 
detector/receiver unit (10). means (3) for taking a 
component (1b) of the transmit laser beam from 
the transmit laser beam (1a), which transmit laser 
beam primary polarisation is orthogonal to the 

55 polarisation of the receive laser beam (8), receiving 
the receive laser beam (8) from the telescope 
assembly (6) and feeding the transmit laser beam 
component (1b) and the receive laser beam (8) to 
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the detector/receiver unit (10), which taking, receiv- 
ing and feeding means (3) is locatable in the laser 
beam path between the point ahead mechanism (2) 
and the telescope assembly (6), means for detect- 
ing, separating and processing the received trans- 
mit laser beam component (1b) and received re- 
ceive beam (8) at the detector/receiver unit (10) to 
provide signals indicative of the actual alignment of 
the transmit and receive beams, means for com* 
paring the actual alignment signals with desired 
alignment values to generate difference signals and 
means for operating the point ahead mechanism 
(2) in dependence upon the generated difference 
signals variably to control the alignment of the 
transmit beam (1a) relative to the receive beam (8). 

8. Apparatus according to claim 7, wherein the 
taking, receiving and feeding means is a spectral 
isolator (3). 

9. Apparatus according to claim 8, wherein the 
spectral isolator (3) includes a quarter wave plate 

(12) , a polarisation sensitive beam splitter (13) op- 
erable to receive the transmit laser beam (2) from 
the point ahead mechanism, to reflect a major 
portion of the transmit beam (1a) to the telescope 
assembly (6) and to transmit a component (1b) of 
the transmit beam to the quarter wave plate (12), a 
corner cube reflector (14) operable to receive the 
transmit beam component (1b) from the quarter 
wave plate (12) and to return it therethrough to the 
beam splitter (13) at which it is reflected as the 
transmit beam component (1b) to the 
detector/receiver unit (10) together with the receive 
laser beam (8) passed through the beam splitter 

(13) from the telescope assembly (6). 

10. Apparatus according to claim 9, including a 
combining dichroic mirror (15) and a local oscillator 
laser beam generator (11a) locatable and operable 
so that the transmit beam component (1b), which is 
cross-polarised, and receive beam (8) are received 
from the spectral isolator beam splitter (13) on the 
combining mirror (15), combined thereat with the 
local oscillator beam (11) and passed therefrom to 
the detecting means of the detector/receiver unit 
<10). 

11. Apparatus according to claim 10, wherein 
the detecting means of the detector/receiver unit 

(10) includes an at least four quadrant detector 
portion (18a, 16b, 16c, I6d) operable to receive the 
combined and mixed transmit beam component 
(1b). receive beam (8) and local oscillator beam 

(11) , and to provide at least four output signals. 

12. Apparatus according to claim 11, wherein 
the at least four quadrant detector portion (16a, 
16b. 16c, 16d) includes a four quadrant PIN diode 
detector formed on a single semiconductor sub- 

13. Apparatus according to claim 12, wherein 
the means for processing the transmit laser beam 



component (1b) and receive beam (8) received at 
the detector includes four low noise amplifiers (17. 
18, 19. 20) operable to amplify respective ones of 
the signals from the four quadrants (16a, 1 6b, 16c, 

s 16d) of the detector. 

14. Apparatus according to claim 13. wherein 
the four amplifiers (17, 18, 19. 20) are formed on 
the same single semi conductor substrate as the 
four quadrants (16a, 16b, 16c, 16d). 

10 15. Apparatus according to claim 16, wherein 
the processing and comparing means includes four 
frequency discriminating filters (21, 22, 23, 24) 
operable to process respective ones of the signals 
from the four quadrant amplifiers (17, 18, 19, 20) 

is and a filtering, rectification and processing circuit 
(25) operable to generate a sum signal, an eleva- 
tion difference signal and an azimuth signal for 
controlling the point ahead mechanism (2). 

16. Apparatus according to claim 15. wherein 

20 the detector/receiver unit (10) includes four further 
frequency discriminating filters (27, 28, 29, 30) 
operable to process respective ones of the signals 
from the four quadrant amplifiers (17, 18, 19, 20), a 
summing amplifier (31) for summing the signals 

26 received from said four further filters (27, 28, 29, 
30) to provide an actual received receive beam 
output signal (26) and a further filtering, rectification 
and processing circuit (32) operable to receive 
signals from the further four frequency discriminat- 

30 ing filters (27, 28, 29, 30) and generate therefrom a 
further sum signal, a further elevation difference 
signal and a further azimuth difference signal for 
use to control the main tracking of the receive laser 
beam (8). 

35 17. Apparatus according to claim 1 wherein the 
four PIN quadrants (33a, 33b, 33c, 33d) are formed 
around a central PIN diode site (34), with the 
central diode site (34) being operable to provide 
the received receive beam output signal (26) and 

40 with the quadrants (33a, 33b, 33c, 33d) being op- 
erable to provide signals for controlling the point 
ahead mechanism (2). 



so 
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